The amino acid sequence of the eye lens protein a-crystallin A of the ring-tailed cat, Bassariscus astutus, has been determined. The sequence of the Bassariscus aA chain, which is 173 residues long, was compared with the previously determined set of 41 mammalian aA sequences. Among the investigated carnivores (dog, cat, sloth bear, American mink, gray seal, and California sea lion) the Bassariscus clA sequence exclusively shares two amino acid replacements with the aA chain of the mink, Mustela vison: 7 His -Gln and 61 Ile -Val. The Mustela and Bassariscus aA sequences differ at only three positions and have no replacements in common with any of the other investigated carnivore aA chains. Furthermore, the replacement 7 His -Gln has only been found in three-toed sloth, whereas 6 1 Ile -Val occurs scattered in three other taxa: pig, rhinoceros, and prosimians. It thus is most parsimonious to join Bassariscus and Mustela-and consequently their respective families, Procyonidae and Mustelidaeas sister groups in the phylogenetic tree of mammalian CLA sequences.
Introduction
Present-day techniques of protein and DNA analysis may be expected to provide the tools to unravel phylogenetic relationships of mammalian taxa in circumstances in which more classical approaches have as yet failed to give unanimous answers. One of the many instances of diverse opinions about mammalian relationships concerns the phylogeny of the carnivore families. The Procyonidae, for example, of which the raccoon is a typical representative, are considered by Romer ( 1966) to be fairly closely related to the dogs, whereas Thenius ( 1969) groups them closer to the bears and pandas.
We have previously analyzed the phylogenetic relationships among 4 1 mammalian species by comparison of the amino acid sequences of the eye lens protein a-crystallin A (de Jong and Goodman 1982) . a-Crystallin A, which makes up w 20% of the protein in the mammalian eye lens, is 173 amino acids long and is encoded by a single-copy gene (Bloemendal 198 1; van den Heuvel et al. 1985 species. We now have analyzed the a-crystallin A sequence of Bassariscus astutus, a representative of the family Procyonidae.
the ring-tailed cat,
Material and Methods
Two eye lenses of a ring-tailed cat, Bassariscus astutus, were provided by Professor M. C. McKenna, American Museum of Natural History, New York. The lenses were sent to Nijmegen in a saturated solution of guanidine hydrochloride, at ambient temperature, from which the crystallins were reconstituted by controlled dialysis (de Jong et al. 1984 ). a-Crystallin (40 mg) was isolated by gel filtration over Ultrogel AcA-34 of the total reconstituted water-soluble lens proteins, and the a-crystallin A subunit was obtained by ion-exchange chromatography over carboxymethylcellulose (Whatman CM-52) in the presence of 7 M urea. These and all further procedures for the structural analysis of the a-crystallin A chain have been described in detail elsewhere (de Jong et al. 1984) .
The isolated CGA chain was S-P-aminoethylated and digested with trypsin. The soluble peptides were separated by high-voltage paper electrophoresis at pH 6.5 and descending-paper chromatography.
The "core" peptides, insoluble at pH 6.5, were separated by gel filtration over Sephadex GSO-sf in 0.1 M ammonia.
Larger peptides were subdigested with thermolysin.
Amino acid analyses were performed on all peptides, and the compositions were compared with the corresponding peptides of the completely determined sequences of bovine (van der Ouderaa et al. 1973 ) and rat (van den Heuvel et al. 1985) a-crystallin A. Peptides that differed in composition from both bovine and rat a-crystallin A were subjected to dansyl-Edman degradation to confirm the position and nature of the amino acid replacements.
Results and Discussion
The amino acid sequence of the a-crystallin A chain of the ring-tailed cat was deduced by amino acid analyses of its 20 tryptic peptides, performed exactly as described previously for dog and cat (de Jong et al. 1975 ) and for mink, bear, seal, and sea lion (de Jong et al. 1984) . It was found that three tryptic peptides differed in composition from the homologous peptides in both bovine and rat a-crystallin A. These peptides, corresponding to residues 1-11, 55-65, and 146-157 of the a-crystallin A chain, were subjected to thermolytic subdigestion or dansyl-Edman degradation to enable precise localization of amino acid replacements. The phylogenetically informative positions of the aA sequence of the ring-tailed cat, aligned with those of 39 other placental mammalian species, are given in figure 1. It turns out that, among the carnivores, the ring-tailed cat shares the replacements 7 His -Gln and 6 1 Ile -Val uniquely with the mink. Furthermore, the replacement 7 His -Gln has only been found in the three-toed sloth, whereas 6 1 Ile --+ Val occurs scattered in species from three other mammalian orders: rhinoceros (Perissodactyla), pig (Artiodactyla), lemur, potto, and galago (Primates). Among the carnivores the ring-tailed cat possesses the unique replacement 13 Ala -Thr, which is, however, also found independently in tapir, rhino, ox, rabbit, and the anthropoid primates. Figure 2a shows part of the previously published phylogenetic tree derived from the amino acid sequences of the a-crystallin A chains of 41 mammalian species (de Jong and Goodman 1982) . This tree was one of the most parsimonious cladograms obtained, taking into account the a priori assumption that all mammalian orders are monophyletic groupings. When this constraint was not imposed on the tree construction procedure, the six carnivore species still clustered together, but the pangolin then joined the bear, because of the shared replacement 74 Phe -Tyr (de Jong and Good- 2.-a, Carnivore-ungulate part of one ofthe most parsimonious biologically acceptable phylogenetic trees previously constructed on the basis of the amino acid sequences of the aA chains of 41 mammalian species, using chicken and frog as outgroups (de Jong and Goodman 1982) . This tree requires a minimum of 157 nucleotide substitutions. The tree construction procedure was constrained by the a priori assumptions (1) that the mammals are monophyletic (otherwise, the chicken joined the marsupial branch, saving one substitution); (2) that the I7 mammalian orders represented in the total data set are monophyletic groupings; and (3) that the classical intraorder relationship within the Edemata is adhered to (i.e., that two-toed sloth and three-toed sloth are more closely related to each other than to the anteater, a circumstance that is not shown in this figure) . Otherwise, the taxa were free to join in any possible way within their own orders, and orders were also free to join each other in any possible way. Several equally parsimonious alternatives within and between orders are possible, mainly because of the frequent zero-length branches in this and other parts of the tree. The monophyly of the order Perissodactyla is supported by the unique replacement 127 SerThr, but the monophyly of each of the orders Artiodactyla, Cetacea, Carnivora, and Pholidota is not supported by any shared derived replacements; in fact, several equally parsimonious arrangements of these five orders are possible. However, in all of the most parsimonious alternatives (even those not constrained by a priori assumptions), these five orders are placed together as a monophyletic group, joined by the two replacements 4 Thr -Ala and 147 Gln -Pro, relative to the other 12 mammalian orders (cf. table 1). The time scale is based on paleontological evidence. Zero-length branches are inferred from biological evidence. The positions and types of the replacements inferred to have taken place in the different branches are shown. Parallel (e) and back (-) replacements are indicated. b, The most parsimonious addition of the uA sequence of ringtailed cat to the phylogenetic tree of mammalian CIA sequences. man 1982). A relationship of the pangolins with the carnivores is actually also indicated on the basis of immunological comparisons (!&rich 1985) . Figure 2a reveals the paucity of amino acid replacements in the evolution of mammalian a-crystallin A. It therefore shows not a single replacement to support the supposed monophyletic origin of the carnivores, and the very lack of replacements also precludes any inference about the relationships of the fissiped carnivores. The unique presence of three replacements-5 1 Ser -Pro, 52 Leu -Val, and 55 Thr -Ser -in seal and sea lion a-crystallin A does, however, strongly support the idea of the monophyletic origin of these pinnipeds.
It is obvious from figure 1 that when the parsimony principle is used the Bassariscus aA sequence can only be added to the other carnivore sequences in a single way-namely, to the mustelid branch, as shown in figure 2b . In this way the number of required nucleotide substitutions inferred for the tree partially shown in figure la is increased with a single substitution, from 157 to 158. Placing the ring-tailed cat closest to bear or dog requires, as can be easily seen, 160 substitutions in both cases. It may be considered extremely unlikely (1) that the two replacements 7 HisGln and 6 1 Ile -Val, which are rare among other mammals, have both occurred as independent, parallel evolutionary events in the lineages leading to mink and ringtailed cat or (2) that these replacements have been reverted in the other investigated carnivores. We therefore may conclude that these replacements most probably reflect a common ancestry for mink and ring-tailed cat, an ancestry that is not shared with dog, bear, cat, or pinnipeds. Among the investigated carnivores, mink and ring-tailed cat thus are the closest relatives, which would imply that their respective families, the Mustelidae and Procyonidae, are sister groups. However, this inference is only valid if both Procyonidae and Mustelidae are monophyletic groups, which is not necessarily the case (Thenius 1969) .
The sister-group relation of Procyonidae and Mustelidae suggested on the basis of aA sequence data is at variance with the "classical" opinion that the Procyonidae are closest to either Canidae or Ursidae (Romer 1966; Thenius 1969) . The only other protein sequence data available for procyonids, the hemoglobin a and p chains, also show a greater similarity with those of the mustelids (Hombrados et al. 1978 ) than with those of any other carnivore family for which hemoglobin sequences are known (Canidae, Ursidae, Hyaenidae, and Felidae; Stenzel and Brimhall 1977; Brimhall et al. 1979 ). However, a parsimony analysis of mammalian hemoglobins placed the mustelids closer to a monophyletic branch of ursids and canids than to procyonids . On the other hand, albumin and transferrin immunological distances indicate that procyonids are closer to ursids than to mustelids (Sarich 1973), whereas DNA-DNA hybridization data place procyonids in an unresolved monophyletic group with ursids and mustelids (Benveniste 1985) . A more recent extensive cladistic study of morphological data again reaches the conclusion that, among fissiped carnivores, the mustelids and procyonids are sister groups, whereas these two families together form the sister group of the canids (Wozencraft 1984) . Although a consensus opinion has clearly not yet been reached, it may be concluded that a procyonid-mustelid monophyly certainly deserves serious consideration.
